As emerging topological nodal-line semimetals, the family of ZrSiX (X = O, S, Se, Te) has attracted broad interests in condensed matter physics due to their future applications in spintonics.
The topology of electronic bands is closely correlated with intrinsic symmetries in topological materials [1] . The three dimensional (3D) Dirac semimetals host a fourfold degenerate Dirac point, which is protected by spatial inversion symmetry, time reversal symmetry and additional threefold or fourfold rotational symmetry along the z-axis [2, 3] . If one symmetry is broken, the spin-doublet degeneracy of the bands is removed and the Dirac point is changed to the twofold degenerate Weyl point, leading to a Weyl semimetal [4] [5] [6] [7] . In contrast, the topological nodal-line semimetals host a loop of Dirac points in the momentum space, which has recently been predicted theoretically and verified experimentally [8] [9] [10] . The formation of a nodal line requires extra symmetries, such as mirror reflection symmetry [8] or glide mirror symmetry [9] . The appearance of Dirac or Weyl points near the Ferimi level gives rise to exotic electronic properties, such as large magnetoresistance [11] [12] [13] [14] , high carrier density [15] and mobility [11, 12, 16] . The nodal-line semimetals are thus good candidates of spintronics for both fundamental research and future applications.
In a previous study, a nodal line was observed in the band structure of PaTaSe 2 [8] . Due to interference of other bands, the investigation of nodal-line Dirac fermions is difficult around the Fermi level. In a different family of ZrSiX (X = O, S, Se, Te) semimetals with glide mirror symmetry, the nodal line is theoretically predicted [9] . The calculation shows that the Dirac cone is linearly dispersed in a large energy range (∼ 2 eV), without interference of other bands. Through the measurement of the band structure below the Fermi level, angle-resolved photoemission spectroscopy (ARPES) has probed the linear band dispersions of ZrSiS and ZrSiSe [17] [18] [19] . However, the theoretical prediction of the nodal line is above the Fermi level so that ARPES cannot make a direct measurement. Instead, scanning tunneling microscope (STM) is a powerful tool to detect both the topography and local density of states (LDOS), which provides a transparent view of microscopic properties. A quasiparticle interference (QPI) technique can be used to extract the band structure in a broad energy above and below the Fermi level [20] . The previous STM measurements on ZrSiS however did not really determine the nodal-line state due to their limitations in data acquisition and analysis [21, 22] .
In this paper, we take the STM measurement on ZrSiSe. Our study resolves a bias selective topography and precisely identifies an atomic shift between Zr and Se sublattices, giving an evidence of the glide mirror symmetry in ZrSiSe. The QPI analysis visualizes the linear band dispersion, which determines a nodal line located at ∼ 250 meV above the Fermi The crystal structure of ZrSiSe is in the space group of P 4/nmm [9] . As shown in The Fourier transformed scanning tunneling spectroscopy (FT-STS) is next employed to detect the electronic topology of ZrSiSe, which is resulted directly from its structural symmetry. With a bias voltage of 500 mV, the topography of a new FOV is displayed in Fig. 3(a) , in which a specific cross-shaped impurity is found on the top right corner.
The dI/dV conductance map simultaneously taken under the same bias voltage is drawn in Fig. 3(b) . This specific cross-shaped impurity induces a strong elastic scattering, which mixes the electronic eigenstates of different wavevectors (k i and k f ) but the same energy.
The QPI is signalled by a standing wave in the LDOS around the impurity, as shown by an enlarged image in the inset of Fig. 3(b) . The Fourier transform of this local conductance map is drawn in Fig. 3(d) . The QPI patterns in the momentum q-space can be used to identify the wavevector difference before and after the elastic scattering (q = k f − k i ), which helps building the contour of constant energy (CCE). As shown in Fig. 3(d structure of QPI patterns changes with the scattering impurity and more discussions are provided in Supplementary Materials.
To interpret the three groups of QPI patterns, we propose a model CCE with two groups of E(k) patterns in Fig. 3(c) . The first group includes four pairs of short arcs around four X points, contributing to the diamond (q 1 ) and triplet (q 2 and q 2 ) QPI patterns. The diamond pattern results from scattering between the arcs of the same pair, while the triplet pattern results from scattering between the arcs at the diagonal corners. The second group consists of two concentric squares of E(k), contributing to the concentric squares of the QPI patterns (q 3 and q 4 ). The two groups of CCE patterns are similar to those observed in ARPES [19] . However, a key difference is that only the occupied states below the Fermi level are detected in ARPES. To reproduce the experimental QPI patterns, we introduce a selection rule that the elastic scattering only occurs between the CCE patterns of the same group. The physical mechanism behind this selection rule is that the two CCE groups belong to the surface and bulk bands separately [17] . The QPI map calculated based on the CCE model and the selection rule [ Fig. 3(e) ] shares the same major features as those from the experimental measurement [ Fig. 3(d) ]. As a comparison, the calculation without the selection rule [ Fig. 3(f) ] clearly deviates from the experimental result.
Next we measure the energy dependent conductance maps around this impurity and study the energy dispersion relations. Due to the scattering within the same CCE group, a simple relation, ∆q 2 = 2q 1 , holds. The energy dispersion of q 1 (not shown) follows the same behavior of ∆q 2 , further confirming the existence of the Dirac cone. In Fig. 4(c) , we provide the density functional theory (DFT) calculation of the slab band structure along the M-X-M direction in the k-space.
The predicted Dirac point, if ignoring the small gap due to the spin-orbital coupling (SOC), is consistent with our experimental measurement. In addition, this Dirac cone is a surface derived state since it is not observed in the DFT calculation of the bulk ZrSiSe. Figure 4 (b) presents the result of q(E) along the red line in the q-space [ Fig. 3(d) ]. As the energy approaches the Fermi level from above, the sizes of the two concentric QPI squares [ Fig. 3(d) ] are both enlarged, but with different speeds. These two squares are merged into a single square, indicating the appearance of a nodal line. The linear energy dispersion is also found for the scattering wavevectors, q 3 and q 4 . As the amplitude of q 3 is increased fast than that of q 4 , the crossing point of these two wavevectors leads to an estimation of the nodal line at the energy of ∼ 250 meV above the Fermi level. In our CCE model, q 3 arises from the scattering within the inner square, while q 4 arises from the scattering between the two opposite sides of the inner and outer squares [ Fig. 3(c) ]. A possibility causing the change of the q 3 and q 4 is that the inner square is expanded and the outer square is shrunk with the decrease of energy. In Fig. 4(d) , we present the DFT calculation of the slab band structure along the M-Γ-M direction in the k-space. The above conjecture of the dispersion relation of the two bands is confirmed theoretically. In addition to q 3 and q 4 , another scattering wavevector q 5 is also observed due to the scattering between the same sides of the inner and outer CCE squares [ Fig. 3(c) ]. The dispersion relation of q 5 [ Fig. 4(b) ] confirms the nodal line at the same energy level as that estimated from the mergence of q 3 and q 4 . Compared to the surface derived Dirac point at the X point, this nodal line is attributed to the bulk band structure, as shown by the DFT calculation. An interesting phenomenon is that the QPI pattern due to the scattering within the outer CCE square is missing, which is possibly due to the impurity sensitivity on the band scattering.
In summary, we perform a sophisticated STM experiment on a novel 3D topological semimetal, ZrSiSe. The bias selective topographies allow us to identify the lattice structure of the ZrSe bilayer with a sub-atomic resolution, which confirms the glide mirror symmetry The cross-shaped Zr site in Fig. S1(a) is different from that in Fig. 1 in the main text. In Fig. S1(a) , we also notice an adatom on top of the surface, as denoted by the white dashed circle. As shown in the inset of Fig. S1(a) , the lower inset with an adatom is evolved from the upper inset after several images taken in the same FOV. We thus conclude that the adatom is generated from the cross shaped Zr site defect. 
FULL ENERGY RANGE OF THE QPI PATTERNS
The full evolution of the QPI patterns about the single defect in the inset of Fig. 3(a) is available in Movie S1.
